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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCHMEMORANDUM 

TRANSONIC FLU'ITFR CHARACTERISTICS OF A CAMBERED 

A-PLAN-FORM WING WITR ~.,c&~~~~J cl-;Lp;T,J"'.'-.D 
J. - .A L-i&J 

SIWLATFD NACELLES 

By H. Neali$&J,y_ _ _\,_j- i_ ii,; ,f 2 c :; ‘.: i’ i’i ; N;_’ ;, _ ._ i 1 .i 

An experimental investigation has been made in the Langley tran- 57s a/ 
sonic blowdown tunnel to determine the effects of simulated engine 
nacelles on the flutter characteristics of a cambered A-plan-form wing 
with 45' sweepback of the leading edge, an aspect ratio of 3.6, and a 
taper ratio of 0.14. The simulated engine nacelles were attached at 
the 0.60- and 0.80-semispan stations immediately adjacent to the lower 
surface of the wing. 

Data obtained with the wing rigidly mounted in the tunnel indicated 
that the addition of the nacelles produced significant increases in the 
flutter speed of the wing. Attempts to determine the flutter character- 
istics of the model in a mount which allowed freedom in roll and vertical 
translation produced only meager and inconclusive results because of 
inherent difficulties associated with testing a cambered wing with these 
degrees of freedom of the mount. 

INTRODUCTION 

Low-speed flutter investigations have indicated that the addition 
of concentrated weights, such as engine nacelles, and the introduction 
of body freedoms (especially if the wing mass and inertia are large 
relative to the fuselage mass and inertia) can produce marked changes 
in the flutter characteristics of a wing. (See, for example, refs. 1, 
2, and 3.) Little information is available, however, on the effects of 
these variables on the flutter characteristics of wings at transonic 
speeds. 

Accordingly, an investigation has been made in the Langley transonic 
blowdown tunnel to determine the effects of the addition of simulated 
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nacelles on the flutter characteristics of a model of a.proposed bomber 
wing. An attempt was also made to determine the effects of body freedom 
in roll and vertical translation through the use of a specialtiing- 
mounting system. The results of the investigation and a limited analysis 
are presented herein. 
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wing semichord 

frequency of oscillation, cps 

measured coupled natural frequencies, cps; i = 1, 2, 3, . . . 8 

mass moment of inertia, slug-ft2 

mass, slugs 

free-stream Mach number 

free-stream dynamic pressure, lb/sq in. 

free-stream temperature, oRankine 

free-stream velocity, ft/sec 

free-stream density, slugs/cu ft 

frequency of oscillation, radians/set 

fundamental torsional frequency, radians/set 

natural frequency, radians/set 

linear spring constant, lb/ft 

rotational spring constant, f-t-lb/radian 

MODELS 

Eight wings of identical plan form and construction were expended 
in the course of the present investigation. Five of the wings were 
equipped with simulated engine nacelles; the other three were tested 
without nacelles. 



p 

NACA RM L57EO9 

Configuration 

The basic A-plan-form wing (see fig. 1) had an aspect ratio of 3.59, 
a taper ratio of 0.14, and a 45' sweptback leading'edge. It was formed 
by the addition of a straight-trailing-edge chord-extension to the 
inboard portion of a sweptback wing that had an aspect ratio of 3.70 
and a taper ratio of 0.15. The modified NACA 65-series cambered airfoil 
sections of the swept wing (see table I) were further modified to form 
the A-plan-form airfoil sections by fairing a tangent to the upper sur- 
face of the wing from the trailing edge of the trailing-edge chord- 
extension. Streamwise thickness ratios of the resulting airfoil sections 
varied from 0.04 at the root to 0.03 at the tip. 

The simulated nacelles (fig. 1) were rigidly attached immediately 
adjacent to the lower surface of the wing at the 0.60- and 0.80-semispan 
stations. No flow was simulated through the simplified nacelles, which 
consisted of a cylindrical midsection with conical ends. 

Scaling 

The models were 0.022-size, dynamically and elastically scaled 
versions of a proposed airplane wing. For convenience the mass and 
stiffness of the models were scaled so that at any given Mach number 
the dynamic pressure at a given simulated altitude was twice as great 
as the dynamic pressure for that altitude in the NACA standard atmos- 
phere. (See ref. 4.) Llhis scaling was accomplished by duplicating the 
airplane reduced velocity (based on %) V/b% and the mass ratio m/flob2, 
with the assumption that at every simulated altitude the tunnel tempera- 
ture was the same as that for the standard atmosphere. This assumption 
is not quite correct since the tunnel temperature is a function of the 
amount of air expended from the reservoir during the course of a run. 
Because of this difference in temperature, the reduced velocity and 
mass ratio are not individually duplicated. However, the difference 
in temperature does not affect the simulation of the dynamic pressure, 
which is proportional to the product of the square of the reduced velocity 
and the inverse of the mass ratio. 

Construction 

The main load-carrying structure of the wing (figs. 1 and 2) con- 
sisted of a single formed-aluminum box spar, stabilized with foam plas- 
tic, to which a perforated web was attached. Aluminum ribs and magnolia- 
wood leading and trailing edges completed the structural framework. Ihe 
entire structure was bonded with an epoxy resin. Low-strength balsa 
(with grain oriented as indicated in fig. 1) bonded to the framework was 
used to obtain the desired contour, and the entire wing was covered with 
Japanese tissue and aircraft dope. 
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The simulated nacelles were turned from magnesium rods and were 
ballasted with lead weights as indicated in figure 1. Two screws and 
an epoxy resin bond were used to attach each nacelle to the wing. 

Mount 

As illustrated by the exploded drawing of figure 3, the wing mount 
consisted of a parallelogram linkage which provided freedom in vertical 
translation but restraint in pitch for a cradle which permitted freedom 
in roll. Soft coil springs located above and below the mount were pro- 
vided for centering in the translational degree of freedom; in roll the 
centering spring consisted of a single cantilever beam. The amount of 
restraint in both degrees of freedom could be varied through the use of 
interchangeable springs. Adjustable stops provided a means of limiting 
or eliminating the travel in either or both of the degrees of freedom. 
Contact with these stops during the flutter tests was indicated through 
a set of fouling switches which (1) operated a fouling light visible to 
the test engineer and (2) simultaneously displaced a trace on the oscil- 
lograph record of the run. Angle-of-attack &d angle-of-roll adjustment 
screws provided a means of setting the static angle of attack and angle 
of roll of the wing with respect to the fuselage. 

Physical Properties 

Natural frequencies and node lines.- Measured natural frequencies 
and typical node lines of the wings are presented in table II(a) for the 
wings with nacelles and table II(b) for the wings without nacelles. 
These data were obtained by exciting the wing with an electromagnetic 
shaker and observing the action of salt crystals sprinkled over the wing 
surface and the response of electrical wire strain gages affixed to the 
spar near the wing root. 

Data in table II labeled "Wings rigidly clamped" were obtained with 
the wing spar root rigidly clamped to a massive table through the use of 
a clamping fixture similar to the wing spar holder and cap shown in fig- 
ure 3. The method of clamping cantilevered the wing spar; however, the 
unclamped carryover structure at the leading and trailing edges permitted 
the excitation of antisymmetrical modes. In order to exclude the anti- 
symmetrical modes the wings were forced to vibrate in the symmetrical 
modes through the use of a two-prong shaker stem which excited both 
panels of the wing at the point of intersection of the innermost rib and 
the trailing-edge chord-extension. (See table II.) Frequencies and node 
lines for wing 3, which are not presented, were similar to those listed 
for the other wings. 
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Representative wings (wing 4 with nacelles and wing 6 without) were 
placed in the wing mount and vibrated with and without various degrees 
of freedom of the mount. For these tests a single-prong shaker stem was 
used to excite the wing at the point of intersection of the innermost rib 
and the trailing-edge chord-extension of one of the wing panels. Symmetry 
or antisymmetry was determined by placing the strain-gage signals from 
the two wing panels on an oscilloscope screen in such a manner that 
symmetric modes produced a figure with its axis in the first and third 
quadrants; antisymmetric modes, in the second and fourth quadrants. In 
addition, at the low frequencies, the model motions were observed through 
the use of a stroboscopic light. 

Mass and inertia.- Experimentally determined mass and inertia prop- 
erties of streamwise strips of a representative wing are presented in 
table III. The data do not include the material removed in cutting the 
wing into strips. Table IV contains the mass and inertia properties of 
the basic nacelles. Attachment screws not included in the basic nacelle 
data shifted the center of gravity rearward 0.03 to 0.04 inch. Ratios 
of the mass and moment of inertia of both nacelles to the exposed-wing 
mass and moment of inertia (both moments of inertia referred to the local 
wing-spar axis) are 0.56 and 0.52, respectively. 

The effective mass and moment of inertia of the spring-supported 
wing mount depends upon the frequency of the flutter mode and cm be 
determined from the following general relations: 

where K and T are spring constants, LO is the frequency of oscil- 
lation, and con is the appropriate natural frequency of the system. 
Experimentally determined spring constants and appropriate natural fre- 
quencies of the mount (vertical translation and roll, respectively) have 
been used in the above equations to determine the effective mass and 
rolling moment of inertia of the wing mount for the range of flutter 
frequencies. The results are presented in graphical form in figure 4. 

Influence coefficients.- Structural influence coefficients measured 
at 24 points (located as indicated in fig. 
matrix form in table V(a). 

5 on wing 7) are presented in 
The experimental techniques utilized in 

obtaining these data are the same as those employed in reference 5 and 
are fully described therein. A symmetrical matrix of influence coeffi- 
cients (table V(b)) h as been formed by averaging corresponding off- 
diagonal elements of the measured matrix (table V(a)). In table V(a), 
85 percent of the off-diagonal elements are within 2 percent of the 
average (table V(b)) and 97 percent are within 5 percent of the average. 

- 
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T h e  s y m m e trical m a trix, to g e th e r  with th e  assoc ia ted masses  o f th e  
var ious  s e g m e n ts l isted in  fig u r e  5 , has  b e e n  u s e d  in  th e  ca lcu lat ion 
o f th e  first th r e e  n a tu ra l  f requenc ies  a n d  co r respond ing  s y m m e trical 
m o d e  shapes  o f th e  can tile v e r e d  w ing . (Masses  l isted in  fig . 5  a r e  
e x p e r i m e n tal ly d e te r m i n e d  va lues  ad jus ted  to  c o m p e n s a te  fo r  m a ter ia l  
r e m o v e d  in  cutt ing th e  w ing  into s e g m e n ts.) Ca lcu la ted  n a tu ra l  f r equen -  
c ies a n d  m o d e  shapes  d e te r m i n e d  by  th e  m e th o d  o u tlin e d  in  r e fe r e n c e  6  
a r e  p r e s e n te d  in  tab l e  V I. N o d e  l ines o f th e  ca lcu la ted m o d e s  ( n o t 
p r e s e n te d )  a r e  in  substant ia l  a g r e e m e n t with th o s e  o f tab l e  II(b ) . A  
compar i son  o f th e  ca lcu la ted a n d  m e a s u r e d  f requenc ies  can  b e  o b ta i n e d  
f rom th e  fo l l ow ing  tab l e : 

M o d e  M e a s u r e d  f requency,  Ca lcu la ted  f requency,  P e r c e n t 
cps cps dev ia t ion  

f2  IL L 0  1 1 3 .2  2 .9  

f4  3 7 0  3 4 7  -6.2 

f6  4 8 3  5 3 5  1 0 .7  
t 

F A C IL ITIE S  A N D  T E S T S  

E x p e r i m e n ta l  resul ts p r e s e n te d  he re i n  w e r e  o b ta i n e d  in  th e  Lang ley  
t ransonic  b l o w d o w n  tu n n e l . T h e  tu n n e l , wh ich  has  a  26- inch,  oc tagona l ,  
s lot ted test sect ion can  b e  o p e r a te d  th r o u g h o u t th e  t ransonic  s p e e d  
r a n g e  a t a i r  densi t ies f rom a p p r o x i m a tely 0 .0 0 1  to  0 .0 1 2  s lug  p e r  cub ic  
fo o t. 

S u p p o r t fo r  th e  w ings  was  fu rn i shed  by  th e  w ing  m o u n t, wh ich  was  

h o u s e d  in  a  l )$-  by  q -  inch  stin g  ( see  figs. 3  a n d  6). T h e  n o s e  o f th is 

stin g  ex tended  fo r w a r d  o f th e  m o d e l, a l o n g  th e  tu n n e l  cen te r  l ine, into 
th e  subson ic  r eg i on  o f th e  tu n n e l  wi thout  c h a n g e  in  cross sect ion to  
p r e v e n t th e  fo r m a tio n  o f a  b o w  shock wh ich  m ight  b e  re flec ted  o n to  th e  
m o d e l by  th e  tu n n e l  walls. T h e  fu n d a m e n ta l  f requency  o f th e  stin g  is 
es t imated to  b e  a p p r o x i m a tely 1 5  cps. 

T h e  test p r o c e d u r e  fo r  al l  r uns  was  th e  s a m e : T h e  M a c h  n u m b e r  con -  
trol va lve d o w n s t ream o f th e  test sect ion was  set to  o b ta in  th e  des i red  
M a c h  n u m b e r ; th e n , ups t ream valves b e tween  th e  tu n n e l  a n d  a  h igh -p ressu re  
reservo i r  w e r e  s lowly o p e n e d  a n d  th e  tu n n e l  sta g n a tio n  p ressu re  was  
inc reased  u n til flu tte r  o r  d i ve rgence  occur red.  ( A  system o f inter-  
c h a n g e a b l e  or i f ice p la tes fo rmer ly  u s e d  to  con trol th e  M a c h  n u m b e r  has  
b e e n  supp lan te d  by  a  m o to r i zed  g a te - typ e  valve.)  Tests with b o d y  f r eedoms  
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were made with the model set at the angle of attack required to center 
the wing and mount between the upper and lower translation stops, as 
determined by low-pressure trim runs. For the tests with body freedoms 
laced out the wings were set at an angle of attack of approximately 
1.5 , except for run 17, where the angle was approximately 0'. A multi- 
channel oscillograph provided a continuous record of the test conditions 
and the behavior of resistsnce-type strain gages attached to the wing 
surface. Two high-speed (approximately 1,000 frames per second) 16-mm 
motion-picture cameras running in sequence furnished a record of the 
model motions. 

RESULTS AND DISCUSSION 

The results of tests of the models with the wing mount fixed and 
free are presented in tables VII and VIII, respectively. Data from tests 
of a wall-mounted semispan wing of identical dimensions and construction 
conducted in the Langley 9- by 18-inch supersonic flutter tunnel at a 
Mach number of 1.3 are also presented in table VII. The tables are 
chronological records of the more important events occurring during each 
run. Code letters, defined at the head of each table, are used to 
describe the behavior of the model. 

Sudden divergence and failure of models was usually encountered in 
the tests with the mount either fixed or free whenever the model attitude 
was such that au untrimmed pitching moment existed on the wing. Failure 
of this type was responsible for the complete destruction of the models 
which terminated run 17 (table VII) and runs 10 and 11 (table VIII) and 
resulted in damage during run I2 (table VIII). Observation of these runs 
and the remains of the models indicated that the failure stemed from the 
untrimmed negative pitching moment about the spar, which caused the leading 
edge of the wing to twist downward, resulting in a large negative effec- 
tive angle of attack that overloaded the wing and caused it to bend 
downward and fail. 

Model With Wing-Mount Fixed 

The initial run with the wing-mount fixed (run 17) was made at zero 
angle of attack. As noted in the preceding paragraph, this run was 
terminated abruptly by the sudden divergence and destruction of the model. 
(Oscillograph records indicate no oscillatory motion immediately prior to 
destruction.) For subsequent tests with the wing-mount fixed, the angle 
of attack was, therefore, increased to approximately 1.5' to reduce the 
magnitude of the negative pitching moment. 
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In run 17 it is interesting to note that although the left wing, 
which was visible to the test engineer during the run, collapsed as the 
wing bent downward, motion pictures of the right wing show clearly that 
the right wing was destroyed when it was struck by the left wing. Selected 
frames from the high-speed motion pictures, presented in figure 7, admit- 
tedly do not offer as graphic evidence as does the motion picture. How- 
ever, they show the right wing being destroyed by the left wing, which 
wraps underneath the sting fuselage (note the left wing underneath the . 
sting at 0.0038 second) and strikes the right wing near the inboard 
nacelle. 

Flutter was encountered during all subsequent runs with the mount 
fixed. As indicated by the oscillograph record of a typical run shown 
in figure 8, the amplitude of the oscillation built up rapidly, and the 
model was usually destroyed before shutdown of the tunnel could be accom- 
plished. As illustrated by the sequence of pictures for runs 18, 19, 
and 23 shown in figure 7, breakup of the models at an angle of attack 
of 1.5' was, however, much more gradual than the sudden divergence and 
explosive disintegration encountered at an angle of attack of 0' (run 17). 
Initial failure of the wings with nacelles, as shown by the figure, always 
occurred at a point just inboard of the nacelles. It can be seen from 
figure 1 that the point of failure coincides with the end of the trailing- 
edge chord extension and the rearward bend in the spar. 

Data from table VII have been used to prepare figure 9. In this 
figure significant results of the tests sre presented on a plot of dynamic 
pressure against Mach number, across which lines of constant simulated 
altitude (see section entitled "Scaling") have been drawn. Comparison of 
the nacelle-off and nacelle-on data indicates that the addition of nacelles 
increased the dynamic pressure required for flutter. At a Mach number of 
approximately 0.65 the nacelles increased the critical dynamic pressure by 
approximately 70 percent; at a Mach number of 1.3 the se&span-wing data 
obtained in the 9- by 18-inch supersonic flutter tunnel indicate that the 
nacelles caused an increase of over 80 percent. 

Model With Wing Mount Free 

Results of the tests with the wing mount free to roll and to trans- 
late vertically are somewhat meager and inconclusive because of inherent 
difficulties encountered during the tests. These difficulties apparently 
sprang from the use of a cambered wing section, which made it impossible 
to trim the wing lift and pitching moment simultaneously. When not at 
zero lift the mount banged against the stops, introducing extraneous 
vibratory stresses and strains which obscured the wing strain-gage records. 
At zero lift the attendant negative pitching moment precipitated the sudden 
divergence and failure mentioned previously. Satisfactory operation of the 
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mount duriag flutter tests of an uncsmbered wing of similar plan form 
further indicated that the difficulties stemmed primarily from the use 
of a cambered wing. 

Because of these difficulties, a flutter boundary for the wing with 
nacelles was not established. However, points designating the start of 
irregular high-frequency (700 to 1,000 cps) oscillation, believed to be 
associated with the models hitting the stops, and bursts of low-amplitude 
regular sinusoidal oscillations are indicated in table VIII and figure 10. 
Three points of probable flutter - a start of flutter for runs ll and 13 
and an end of flutter for run 11 (see table VIII and fig. 10) - describe 
a tentative flutter boundary for the wings without nacelles. These 
flutter points, together with all other regular sinusoidal oscillations 
emountered in the course of the investigation, occurred in a symmetric 
m&k. 

CONCLUDING REMARKS 

The results of transonic flutter tests of the cambered A-plan-form 
wing with and without simulated engine nacelles indicated that the addi- 
tion of nacelles increased the dynamic pressure required for flutter. 
This increase appeared to be larger at the higher Mach numbers. 

The results of tests in a mount which allowed freedom in roll and 
in vertical translation were meager and inconclusive because of inherent 
difficulties associated with flutter-testing a cambered wing with these 
degrees of freedom of the mount. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., April 12, 1957. 
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TABLE I.- STREAMWISE AIRFOIL ORDINATES 

[ Dimensions in inches 1 

Root* Tip 

Ordinate Ordinate 
Station ~ Station 

Upper Lower Upper Lower 

0 0.005 0 0 0 0 
.189 -079 .026 .028 .008 .003 
-377 .118 .030 -057 .Ol2 .003 
-755 .167 -039 .113 .017 -004 

1.132 -197 .048 .170 .020 
1.509 .216 .056 

.005 
.226 .022 .006 

2.264 .238 -073 .340 .025 .008 
3.019 .244 .084 -453 
3.774 

.025 .009 
.234 .083 .566 .024 

4.528 .206 
.009 

.070 .679 .021 
5.283 .163 

.007 
-053 

:-rf;2" 

.017 .005 

7:547 .--I 
.lll .056 
.003 l- 

-035 .018 1.019 :;2 .Ol2 ,006 .004 .002 
.002 1.132 .003 .002 ~~ ~~~~~ 

Leading-edge radius: 0.013 Leading-edge radius: 0.0014 

* Wing without trailing-edge chord-extension. 
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TABIE II.- NATUMLFREQuENClESANDNODALLINES 

(a) Wings with nacelles. 

0 
i!dl!L SO@  

f3 

Cl 

E%!!l 

@shaker location 

@cl@ 

f4 

0 

d!Qh!L 

@cl*@ 

=5 

Typical nodal lines 

cl 

i!P?!L 
eos 

f6 

cl 
iffl!k. @ O f9 

=9 

fl - 
f2 - 

-5 
f4 

f5 - 
f6 - 

f7 
=a - 

f9 - 

Antisynrmetrical 1 
symetrical I 180 

htieymaetrical 1 

Symmetrical 412 

Antisymetrice.l 

77 --- 
3 181 --- 

z 

322 --- 

433 --- 

-t 

l Wing elastic frequenq 

317 316 31.6 334 338 

409cwealr) 402 402 

407 410 -1 29 ..~ 
567 513 
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TABLE II.- NATURAL FREQUENCIES AND NODAL LINES - Concluded 

(b) Wings without nacelles. 

@Shaker location 

Typical nodal lines 

Wings rigidly +anrped. Wil 

Wing number I ----.- Mount freedom 
I I --I- I I I I 

Wing number 

Wing number 6 in mount 

Mount freedom 

Roll Vertical Roll and 
translation translation 

Mount frequency (wing installed) 

Roll Roll 
I 

26 26 27 27 

Translation Translation 32 32 31 31 

Yaw Yaw 

Wing elastic frequency I 

II f 1 
II 
III: I 
II 
I::1 
I ! - ‘6 

Antispunetrical 

synmletrica1 : 

Antisymmetric.% 

Symmetrical 360 373 370 352 368 362 383 386 

Antisynrmetrical 4-P 465 462 463 

'- synmletrical 1 490 1 YG+~~-GJ+ 478(weak) 475(-& 
____ .- 
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TABIE III.- MASS AND INERTIA PROPERTIES OF REZ'REZZNTATIVE WING 

ng-body intersection 

(Z - Z perpendicular 
to axes shown) 

I\ 

U f y$,q; chg. 

r’l. 1 Spar center line 

Typical strip showing 

\ 

orientation of axes 

line 

/!!0~2C,,Spanwise station 

L I, of fuselage 

icg 
x-x 

xl06 , slug-ft* I v-7 vl 
1.10 

.63 

2; 
1 
.60 
.3cJ 
.17 .06 

l----- Spanlvise 
station 

! 
c.g. location. in. blass, 

slcgs 

o.oow34 
.000448 
.0003s7 
.3.30298 
. aoc2ss 
.0001Y0 
.000149 
. ~00081 

i --.~ 22 
2.92 
3.83 z 
6:62 
7.49 .- -. 

- 
I 

x 
__- ~~.-_ 

4.65 
4.30 
5.36 
5.76 
6e42 
6.98 
7.55 
8.13 

Y-Y 
L2.45 

7.36 
3.69 
2.29 
1.19 

.ss 

.26 

.00 

0.32 
.24 

2; 
.13 
.ll 
.06 
.Oh 



f 

TABLE IV.- MASS AND INERTIA PROPERTIES OF NACELLES 

Left wing Right wing 

Wing Outboard Inboard Inboard Outboard 
number ' 

Mass, *lcg x 106, 
slugs slug-ft2 

Mass, *lcg x 106, 
slugs 

Mass, *lcg x 106, 
slug-ft2 slugs slug-ft2 

Mass, *I,@; x 106, 
slugs slug-ft2 

1 0.000671 4.32 - 4.75 0.000681 4.71 0.000671 4.53 
2 
45 : 

~~~~~49 4,. 53 o:;;m;;; 4.75 .000684 4.96 .000668 
4.75 .000687 4.75 .000681 4.96 .000668 

.000681, 4.53 , .000684, 4.75 .000668, 4.75 8 , .ooc668, Not mekxred 

. 

*Moment of inertia about the lateral axis through the nacelle center of gravity. 



TABLE “.- - m Avmmkn mmm COmTICrn3 

\ 
:: 
2 
:: 

g :: 
2 t: 42 2 43 
2 2: 1 0 

12,: a3 
$ 
x1 
0: 

11 12 I3 21 22 23 31 32 33 41 42 43 51 ;; 

II 
:: 
2 
:: Jg 32 

B t: I 42 
43 z 51 :: 52 

d 
FJ 

2: 
a? 
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TAEILE VI.- CAICULA~DNA~~QUENCIFS ANDMODE SHAPES 

Mode Frequency 

f2 .............................. 113.2 
f4 .............................. 347.0 
f6 .............................. 535.4 
f8 .............................. 679.8 

Normalized mode shape 

Deflection for mode - 
Deflection point 

f2 f4 f6 f8 

11 0.0003 -0.0361 -1.1499 0.2904 
I2 .0140 -.0544 -.3695 .2586 
13 .0200 -.0719 1.1075 1.4555 

21 .0203 -.1109 -1.8228 .4693 
22 .0454 -.1493 -.4416 -3803 
23 .0648 -.1692 2.0711 1.7224 

31 .0608 -.2199 -2.3645 .4561 
32 .0942 -.2500 -.6276 .4848 
33 .1321 -.2897 2.4391 1.0976 

41 -1197 -2.7251 .5382 
42 .1729 I: 

;g 
-.6481 -.0718 

43 .2267 -.3612 2.9050 -.2605 

51 .2298 -.4249 -2.2276 -.2667 

5: .3674 -2999 -.3878 -.3254 3.4990 .0232 -*5754 -.8526 

662' :g- -.3889 -1.4172 -.8693 
-.1870 .6971 -.9972 

63 -5525 -.0048 3.0843 -.7251 

77,' :,"3 .0580 .2469 -1.8103 -.6047 -a3374 -3231 
73 .7806 .4025 1.8765 .0562 

81 08374 -2.6555 82 .9081 : Z2~ -1.2504 :i;:; 
83 1.0000 1.0000 1.0000 1.0000 



18 NACA RM L57EO9 

TABLS VII.- EXFTRIMENTALRESULTS FORMODEISWITHMO~FIXED 

Wing behavior code: 0 - Burst of sinusoidal oscillations 
D - Start of low damping 
F- Flutter 
x- Model failure 
Q- Maximum q, no flutter 

Wing Run Code M 99 v, Pj 
lb/sq in. ft/sec 'siugs/cu 

Wing with nacelles 

2 17 

Jc 1 18 

4 19 

8 20 

*8 23 

7 

0.89~ 
1.327 

.81~ 

.82s 

.853 

2;: 
.887 
l 9l2 

6.11 945.1 0.0020 
19.46 1,270.2 -0037 

8.26 866.1 .0032 
8.66 874.9 .0032 
9.29 895.3 -0033 

6.50 844.0 .0026 
7.28 878.9 .0026 
8.28 922.7 .0028 
8.90 945.6 .0029 

7.97 719.0 .oo44 
9.00 711.7 .0051 

5.94 842.9 .0024 
6.68 891.3 .0024 
7.10 917.6 .0025 

Wing without nacelles 

.671 

.670 

.801 

.855 

.885 

0 
X 

D 
F 
X 

0 
D 
F 
X 

0 
F 

0 
F 
X 

460.0 
381.3 

465.4 
463.6 
458.5 

EE 
450:4 
447.4 

477.9 
469.6 

460.9 
452.3 
447.4 

110 
--- 

113 
1-13 
114 

114 
113 
116 
108 

118 
116 

--- 
111 
104 

21 0 0.627 5.16 676.0 0.0032 483.8 190 
0 ,638 5.43 686.6 *oo33 482.0 192 
F -631 5.40 679.4 .0034 482.5 183 
X .621 5.27 669.1 .0034 483.1 --- 

Semispan models (9- by 18-inch supersonic flutter tunnel)t 

Wings with 
I 

F 
nacelles F 

l-3 
1.3 
1.3 

11,287 1 1 +I;-- L9.23 o.oo33 
.0040 561 136 
.0041 557 --- 

.0018 554 

L .g- 

213 

*Wing damaged in previous run; repaired prior to present run. 
‘Four different models used to obtain data. 

--@J-k 
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TABIE VIII.- EXPERIMEXCALRESULTS FOR MODEISWITHMOUNTFREE 

INROLLANDVERTlXALTRANSLATION 

Wing behavior code: H - Start of high-frequency oscillations 
0 - Burst of regular sinusoidal oscillations 
F - Flutter 
E- End of flutter (dynamic pressure increasing) 
X - Model failure 
Q - Maximum q, no flutter 

Wing Run Code M lb/s:'in. slu&u ft 
T, 

qiankine 
f , 

CPS 

Wing with nacelles 
- 

9 

10 

12 

6- 11 

I 5 13 

.~ 

H 
0 
0 
0 

: 

H 
0 
X 

H 
0 

0.714 4.36 770-O 0.0021 
.873 5.94 921.8 .0020 

1.150 8.73 1,164.3 .0018 
1.289 14.52 1,254.6 .0026 
1.311 19.54 1,256.6 .0036 
1.300 23.88 1,232.0 .0045 

484.0 
464.0 
426.6 

:E 
373:8 

.768 4.93 823.7 .0021 478.7 
1.141 8.59 1,159.2 .0018 429.6 
1.304 22.83 1,237-B .0043 375.0 

.645 6.28 695.3 -0037 

.664 
483.6 

8.74 1,244.B .0030 388.1 

Wing without nacelles 

--- 
ill 
110 
117 
125 
B-w 

--- 
ill 
--- 

w-- 
ll4 

F 0.790 5.10 I 839.9 1 0.0021 
6.59 .0019 

ii.28 .0021 
E -957 
X 1.277 

0 .662 

L H .666 
F .666 
X ,656 

7.08 
7.40 
7.76 
7.73 

.0040 

.0042 

.0044 

.0045 

470.5 186 
448.6 203 
396.9 --- 

478.1 
476.7 
475.0 
474.8 

215 
--- 
222 
--- 
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450 

-ii 

I 8 
t T- 1.9: 

1 
2.50 

k I ' 0 ' 
j I 
II, t 

-f \,i 
1.132 

w 

,I 

-k 

Tissue covering 

0.270 Plastic fillet Plastic fillet 

---_ 

- .U” 

Typical store installation 
(enlarged) 

Typical rib section 
Section A-A (enlarged) 

-ibs 

Figure l.- Configuration and construction details of the wing and stores. 
(Linear dimensions in inches.) 
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- 

- Spar Ribs 
- Foam Filler 

Figure 2.- 
Photw-aph Of the spar-web assembly. 

L-95187.1 
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/- 
Translation spring 

NACA RM L57lZOg 

Translation st 
Translation fouling switch 

,-Roll spring 

t j 
7- 

Wing spar holder and cop 

@ia 

Roll stop screws 
7. ,,--Roll odiustment screws 

Roll fouling switch 

Angle-of-attack adjustment screw 

Figure 3.- Exploded view of the sting and wing-mount, assembly. 
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.I 
.; 

8 
4 - 
G-4 ON 
+2& 
8L 
pz 

Figure 4.- 

-.03 

. 0ool.l 

0 

--- 

--L Range of flutter frequencies-r 
/ 

I 

. . OQolr 

-.ooca 

I 19.9h ft-lb/radian 
G= 28L radians]sec 

.0012 I 

0 IrO 80 120 160 200 2ilo 

Frequency, cps 

Effective mass and inertial properties of the wing moun 
svstem. 

.ting 

I 
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b I 

L I --_ 
t 
r’ I 

Wing-body intersection 

ll 

cl 

\ 

12 

4-- 

13 

Q 

\ 21 

Q 

23 

BD 

0 wing-segment centl?r of gravity 
0 Points at which influence 

coefficients WV-d measured 

wing-segment number 
5 - spannise station 
1 - chordwise station 

I I I I I I I I 1 I I I I I I I 
0 1 2 3 5 6 7 a 

Scale, inches 

Mass of wing Segments (slugs x 106) 

Chordwise spanwise station 

Figure 5.- Points at which influence coefficients were measured; location 
and mass properties of associated wing segments. 



Figure 6.- Model mounted in supporting sting. L-95188 



Run' 17 

a-6 

Run 18 

Run 19 

a- 1.9 

Run23 

a-l.9 

16.7 

11.1 21.3 

Figure 7.- Selected frames from high-speed motion pictures of model failure. 
frames indicate time elapsed in thousandths of a second.) 

53.7 



Reference 

Bottom foul 

Total head 

Right roll foul. 

static head 

Figure 8.- Sample oscillograph record of test with wing mount, fixed. 



Simulated altitude, ft 
21r Nacelles 

on Off ? 
Low damping --- 
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Failure 
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0 Seniispan 

data 

Maximunlq - no flutter V 
20 / 

Semispan 0 
data n 17 

/ / 

16 / 

/ / / 

12 / 
/ / 

^^ ^^^ 

4,’ 
+ Repaired Ring 

- 

0 I I I I I I I I I I I I I I 
-.6 .7 .6 .9 1.0 1.1 1.2 1.3 1.4 

Mach number 

Figure 9.- Experimentally determined flutter characteristics of the wing with mount fixed. 
(Numbers denote run.) 



4 
CT 

c 
$1 

i 
9 
Ii 
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‘L fa 

Simulated altitude, ft 
I I I / I I I I 9w 

20 
Mwn q - no flutter 

16 

12 

8 

4 

0 
06 .7 .8 .9 1.0 1.1 1.2 1.3 1.4 

Machnumber 

Fig&-e lO.- IXxperimentally determined flutter characteristics of the wing mount with freedom a 
in roll and vertical translation. (Numbers denote run.) 


